A subunit of the CAMAC accelerator control system of ATLAS for monitoring and, eventually, controlling the cryogenic refrigeration and distribution facility is under development.
Introduction

ATLAS [1], the Argonne Tandem-Linac Accelerator
System, is a major expansion of an existing heavy-ion accelerator facility which consists of an electrostatic Van de Graaff tandem accelerator and a prototype superconducting linear booster accelerator.
The superconducting linac control system is a CAMAC-based system with an enhanced Digital Equipment PDP 11/34 computer as the central control computer. The CAMAC system is configured as a byte-serial multi-crate highway interfaced to the central computer via a serial highway driver residing in a unibus memory-mapped crate.
The ATLAS project places a significantly increased load on the accelerator control system. This effect occurs both due to the increased number of devices which must be monitored and controlled but also because the much more complex accelerator system requires more computing support in order to allow the staff, which has not increased in size significantly, to efficiently operate the facility.
The ATLAS facility contains a number of complex subsystems which can significantly benefit from increased automation and computer control. Subsystems such as ion sources, cryogenic distribution system, a superconducting dipole switching magnet, and subsections of the superconducting linac are examples of complex subsystems which require or can dramatically benefit from close supervision and control through a computer systeitl.
We report in this paper the first application of a philosophy of expansion using single board cowputers icL specific CAriAC crartes to acnieve distributed intelligence in the ATLAS control system.
System Design Considerations
There are many possible approaches which may be used to achieve such a goal and the proper choice is often strongly influenced not only by local personal biases but the environment, both hardware and software, which presently exists.
The following points were requirements which the enhanced system has been designed to satisfy:
1. We felt that the major investment in hardware and software which had already gone into making our facility one of the most automated heavy-ion facilities existing could not be abandoned.
Therefore, the constraint of building on the existing system was a requirement.
2. The load on the central computer due to simple monitoring tasks should be minimized in order to free that computer for more complex tasks such as program development, high level calculations, data management, and human interfacing.
3. The congestion on the serial highway should be kept as low as possible to allow for future activities.
4. The reliability of the monitoring and control of the subsystems mentioned before should be high. This requirement essentially rules out the use of the central computer since its reliability is compromised by the higher failure rate of disc drives, line printers, terminals and other peripherals, not to mention system crashes that occur during such activities as program development.
. locally overall
The operation of the these major subsystems should not be dependent on the operation of the CAMAC highway or the central control computer.
The solution which has been adopted at ATLAS is to add local intelligence in any CAMAC crate which contains the interfacing hardware for a particular subsystem. Such a configuration is shown in Figure 1 . 866 Fig The cryogenic monitoring and control system is the first application of the design philosophy described above. The implementation of this system has allowed us to break the task into three phases which will be cryogenic Fig. 3 Figure 2 and the CAMAC crate housing the micro-processor is shown in Figure 3 . The system is presently running from RAM memory but it will be converted soon to PROM memory configuration for the program and RAM for the data regions only. The third phase will be to implement certain control features on the cryogenic system. A more elaborate heater control allowing regulation based on a number of parameters and some additional control of specific valves and loading of compressors may also be included.
The details of this effort will require intensive implementation and testing cycles which await the full implementation of Phases I and II.
